ferent classification methods and different types of data. As a result, each classification system describes a unique set of ecoregions. To help potential users choose the most appropriate ecoregion system for their particular application, we used three latitudinal transects across North America to compare the boundaries and environmental characteristics of three ecoregion classification systems [Küchler, World Wildlife Fund (WWF) , and Bailey] . A variety of variables were used to evaluate the three systems, including woody plant species richness, normalized difference in vegetation index (NDVI), and bioclimatic variables (e.g., mean temperature of the coldest month) along each transect. Our results are dominated by geographic patterns in temperature, which are generally aligned north-south, and in moisture, which are generally aligned east-west. In the west, the dramatic changes in physiography, climate, and vegetation impose stronger controls on ecoregion boundaries than in the east. The Küchler system has the greatest number of ecoregions on all three transects, but does not necessarily have the highest degree of internal consistency within its ecoregions with regard to the bioclimatic and species richness data. In general, the WWF system appears to track climatic and floristic variables the best of the three systems, but not in all regions on all transects.
Over the past several decades, government agencies and conservation groups have increasingly used ecoregion classification systems to gain a better understanding of the lands, ecosystems, and species that they seek to manage and protect. A number of ecoregion concepts and ''systems'' have been developed to provide the necessary basis for policy, planning, and implementation of management and conservation plans. In North America, different land management agencies and conservation groups have selected different ecoregion systems for these purposes; for example, the US Forest Service developed and uses a system under the primary authorship of R. G. Bailey (Bailey 1983 (Bailey , 1984 (Bailey , 1997 (Bailey , 1998 , whereas the US Environmental Protection Agency developed the system authored by J. M. Omernik (1987 Omernik ( , 1995a Omernik ( , 1995b . Both systems have been used by conservation organizations: The Bailey system has been modified and used by The Nature Conservancy for ecoregional planning (Groves and others 2000) , whereas the Omernik system has been modified and adapted for conservation purposes by the World Wildlife Fund (WWF) others 1999a, 1999b) .
Many of the ecoregion classification systems developed for North America are similar in some respects.
For example, many ecoregion classification systems have ecoregion configurations that capture the dominant patterns of vegetation in North America, approximating the patterns found in Küchler's maps of potential natural vegetation (Küchler 1964 (Küchler , 1973 (Küchler , 1985 (Küchler , 1993 or in the distribution maps of trees and shrubs of E. L. Little, Jr. and colleagues (Little 1971 (Little , 1976 (Little , 1977 (Little , 1978 (Little , 1981 . The major ecoregion classification systems differ from one another in several significant ways, however, due to differences in the underlying assumptions, goals, and individual choices of the various investigators employing the ''art'' of devising ecoregion boundaries. Given these differences, how should potential users choose which ecoregion system to employ in their work? This study explores the possibility of differentiating among the systems based on an analysis of ecoregion divisions, the nature of the boundaries between adjacent ecoregions, the internal consistency of geologic, climatic, vegetation, and floristic characteristics, and the identification of the dominant environmental factors determining ecoregion extents and boundaries.
In this article, we compare three ecoregion systems along three continental transects at approximately 35°N, 40°N, and 45°N in subtropical, temperate, and temperate/subboreal North America (Figure 1 ). For each transect, we present data at 25-km intervals on topography, bioclimate [mean temperature of the coldest month (MTCO), growing degree-days on a 5°C base (GDD5), and a moisture index (a)], vegetation density [as represented by the Normalized Difference in Vegetation Index (NDVI)], and woody flora species richness. We also measure the similarity of the woody flora assemblages between adjacent points on the transects and within ecoregions using the Jaccard coefficient of similarity (Jaccard 1908) . We use these data to compare the Küchler vegetation categories (for simplicity's sake, referred to in this article as an ecoregion system, although developed prior to the common application of the term ''ecoregion''), the Bailey ecoregion system, and the WWF ecoregion system. These three systems (the internal boundaries of which are shown on the transects in Figures 2A, 6A , 10A) differ in concept in that the Kü chler system is based solely on potential natural vegetation (Küchler 1964) , although it indirectly integrates climate, soils, and other environmental variables that influence vegetation distribution. The Bailey system incorporates climate, topography, and vegetation (Bailey 1983 (Bailey , 1998 . The Omernik system, on which the WWF system is partly based, integrates soils, land surface form, potential natural vegetation, land use, and other variables (Omernik 1987) .
We compare these three ecoregion classification systems using two different types of analysis. The first analysis involves comparing adjacent grid points along each of the transects. This analysis examines the spatial trends along the transects as well as the nature of the , growing degree-days on a 5°C base (GDD5; center panel), and a, the moisture index (right panel). These data are from Thompson and others (1999a) . The location of the three transects discussed in this report are shown as black (or white) stripes at 35°N (the subtropical transect), 40°N (the temperate transect), and 45°N (the temperate/subboreal transect).
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transitions at ecoregion boundaries under each of the three ecoregion systems. The second analysis assesses the internal consistency of the environmental and floristic characteristics for each ecoregion encountered along the transects. This analysis addresses the question of whether any of the ecoregion systems are more internally consistent with regard to the bioclimatic and floristic data examined in this study. This illustration is designed for point-to-point comparisons of adjacent points and for comparison of the elevation, bioclimatic, and floristic data with the ecoregion boundaries. For each transect grid point, the panels are as follows (from bottom to top): (A) The boundaries of the ecoregions encountered on this transect for the Kü chler potential natural vegetation categories (bottom), the World Wildlife Fund (WWF) ecoregions (center), and the Bailey ecoregions (top). Vertical lines represent boundaries between ecoregions, and the greater the vertical offset between adjacent transect points, the greater the perceived ecoregion classification difference between these points. (See Table 1 (G) Number of woody species (''species richness''; black) and the number of unique species for each grid cell summed with the number of unique taxa in the grid cell directly to the east (gray). (H) Jaccard similarity coefficient as a measure of the similarity between each grid point and the adjacent point to the east.
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S127 Datasets
We used a variety of environmental variables to analyze the ecoregions in this study. Variables were chosen that were considered to be important in defining ecoregion characteristics and boundaries. Each dataset used in this study, including the geographic information system (GIS) layers of the three ecoregion classification systems, was applied to a 25-km equal-area grid of North America.
Ecoregions
We acquired GIS datasets of each of the three ecoregion systems analyzed in this study. From the ''Potential Natural Vegetation of the Conterminous United States '' dataset (Kü chler 1964 '' dataset (Kü chler , 1993 , we examined 61 vegetation types (ecoregions) for the conterminous United States; from the ''Ecoregions of North America'' dataset (Bailey 1997 (Bailey , 1998 , we used the 30 province-level ecoregions; and from the ''Terrestrial Ecoregions of the World'' dataset (WWF; Olson and others 2001, adapted from Omernik 1995b), we used 44 ecoregions.
Normalized Difference in Vegetation Index
The Normalized Difference in Vegetation Index dataset (USGS and others 1997) was derived from 1-km Advanced Very High Resolution Radiometer (AVHRR) data spanning April 1992 through March 1993. Monthly NDVI composites were used to assign values ranging from 0 to 1 to each grid point on the three transects, where increasing NDVI values indicate increasing green vegetation, and zero values indicate nonvegetated features (such as water, ice, snow, or clouds).
Elevation, Bioclimate, and Woody Flora
Elevational, bioclimatic, and woody floristic data were from the Atlas of Relations Between Climatic Parameters and Distributions of Important Trees and Shrubs in North America (Thompson and others 1999a (Thompson and others , 1999b (Thompson and others , 2000 . The elevational data were calculated by bilinearly interpolating elevations from the ETOPO5 dataset (Edwards 1992) to each 25-km grid point in North America (Thompson and others 1999a) . The bioclimatic data were calculated from a 1951-1980 30-year mean monthly climate dataset developed by P. J. Bartlein and B. Lipsitz (University of Oregon) using data from more than 8000 North American weather stations (Thompson and others 1999a) . Distances from the nearest weather stations and local elevational profiles were important determinants of the estimated climate at each 25-km grid point [see Thompson and others (1999a) (Prentice and others 1992) , annual growing degree-days on a 5°C base (GDD5) (Newman 1980) , and a, an annual moisture index calculated as actual evaporation divided by potential evaporation (based on Thornthwaite and Mather 1955, 1957; others 1981, 1985) .
The woody floristic data from Thompson and others (1999a Thompson and others ( , 1999b Thompson and others ( , 2000 consisted of digitized present-day distributions of more than 600 woody species from the Atlas of United States Trees (Little 1971 (Little , 1976 (Little , 1977 (Little , 1978 (Little , 1981 Critchfield and Little 1966) . Additional distribution data were obtained from Bailey (1970) , Benson and Darrow (1981) , and Yang (1970) .
Methods
We carried out two basic analyses with the data described above. First, we did a point-to-point comparison analysis along transects formed of the nearest grid points to the latitudes of 35°N, 40°N, and 45°N. Second, we examined the internal consistency of the bioclimatic variables, species richness, and floristic content of each ecoregion encountered along each transect.
Point-to-Point Comparisons
The point-to-point comparison analysis used three latitudinal transects defined by choosing the nearest 25-km grid points to 35°N, 40°N, and 45°N across North America (Figure 1 ). The 35°N transect represents the subtropical conditions in the southern United States, where mean winter temperatures remain above freezing. The 40°N transect passes through temperate zones in the middle of the United States, where mean winter temperatures can commonly drop below freezing. The 45°N transect (Figures 10-13 ) passes through temperate and subboreal regions in the northern contiguous United States and adjacent eastern Canada, where severe winters are more common along most of the transect. The longitudinal breadth of the three transects (literally from ocean to ocean) provides a wide range of moisture and physiographic conditions, with the 100th meridian being the general dividing line between the relatively humid moisture conditions and low topographic variability of the ''East'' and the generally semiarid to arid moisture conditions and high topographic variability of the ''West'' (Powell 1878 Histograms illustrating the degree of internal consistency of the bioclimatic, species richness, and woody flora data for Kü chler ecoregions encountered on the 35°N transect from west to east (top to bottom). The vertical bars of the histograms illustrate the proportion of the total range of the ecoregion (with regard to a given variable) that occurs within the width of the bar on the x-axis [see Thompson and others (1999a) for greater detail]. If a given ecoregion occurs more than once on the transect, it is shown only once (in its westernmost position). The five vertical sets of panels are (from left to right) MTCO, GDD5, a, species richness, and the mean Jaccard similarity coefficient.
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For the point-to-point analyses, we plotted the following data along each transect (Figures 2, 6 , and 10):
A. Boundaries between adjacent ecoregions (Küchler on the bottom, WWF in the center, Bailey on top) B. Elevation (m) C. Mean temperature of the coldest month (MTCO;°C ) D. Growing degree-days on a 5°C base (GDD5) (Newman 1980 ) E. A moisture index (a) calculated as annual actual evaporation divided by annual potential evaporation (Thornthwaite and Mather 1955, 1957 ; Willmott and others 1985) F. The maximum monthly value of NDVI from monthly NDVI composites for the period April 1992 to March 1993 (''maximum NDVI'' as a measure of plant density) (USGS and others 1997) G. Species richness (i.e., the number of woody species per grid point) and the number of unique species, calculated by comparing the species in each grid cell with those in the grid cell immediately to the east along the transect and summing the number of species unique to the western grid cell with the number of species unique to the eastern grid cell. H. The Jaccard similarity coefficient for each grid point and the adjacent grid point to the east Jaccard similarity coefficient. We selected the Jaccard similarity coefficient (Jaccard 1908; Schweitzer 1994) to quantitatively compare the presence-absence data of woody plant occurrences between and among grid points. This coefficient ranges from 0 (no species in common) to 1.0 (the two assemblages being compared have exactly the same species composition). The coefficient is calculated by dividing the number of shared species between two assemblages by the sum of the number of shared species, the number of species unique to the first assemblage, and the number of species unique to the second assemblage, such that
where A = number of species unique to the first assemblage, B = number of species unique to the second assemblage, and C = number of shared species between the two assemblages. Ecoregion boundaries. To examine the similarities and differences among the three ecoregion systems, we determined the ecoregion assignment for each 25-km grid cell on each transect for each of the three ecoregion systems. We marked the boundaries between adjacent ecoregions with vertical lines to graphically compare the assigned boundaries between ecoregion systems (Figures 2A, 6A , and 10A). Table 1 lists the numerical designation of each ecoregion in its original published form, along with a new set of numbers that we assigned for use in this study. Under our new numerical scheme, changes between ecoregions within a broad category (such as a change from one forest type to another) are represented by small differences in numbers. Shifts from one broad category to another, such as a change from forest to grassland, are represented by larger shifts in numbers. For example, for the Kü chler 35°N transect ( Figure 2A ) the reader can compare the shifts in ecoregion number and infer the back-and-forth elevation-controlled changes between the forests and grassland/desert scrub along the transect from the Pacific Ocean on the left to approximately 100°W longitude. The ecoregion boundaries were also visually compared with the transects of elevation, bioclimatic, and floristic data to determine whether the ecoregion boundaries captured significant patterns in these environmental data.
Examination of the Internal Consistency of Ecoregions
To explore the degree of internal environmental consistency within ecoregions, we constructed histograms portraying the distributions of the bioclimatic and floristic data for every ecoregion encountered on each transect (7) (8) (9) (11) (12) (13) . For each ecoregion, we produced histograms of the bioclimatic data (MTCO, GDD5, a), species richness, and the mean Jaccard similarity coefficient. The mean Jaccard similarity coefficient histogram values are the mean of the individual Jaccard similarity coefficients calculated for the woody flora at each grid point within an ecoregion as compared with each of the other grid points 
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in the ecoregion, whether or not the other ecoregion points fall on any of the three transects. For all of the histogram plots, the height of the histogram bars (yaxis) represents the percentage of the total number of points within a given ecoregion that have values that fall within the range represented by the width of each histogram column (x-axis).
Results
Environmental Trends
We examined the degree to which each ecoregion system reflects topographic, bioclimatic (MTCO, GDD5, a), vegetation density (NDVI), and floristic (species richness, unique species) characteristics of the landscape along each of the three transects (Figures 2, 6 , and 10). For all of the transects, the elevational data illustrate the strong contrast between the high relief and generally high elevation of the western United States compared with the lower relief and relatively lower elevation of the eastern states at the transect latitudes.
Strong topographic influences are evident in the pattern of the bioclimatic variables across North 
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America along all of the transects. East of the Rocky Mountain front (approximately 105°W) on the 35°N transect, MTCO remains above freezing, whereas the mountains and valleys between approximately 115°W and 105°W experience more frequent below-freezing temperatures ( Figure 2C ). West of 115°W, MTCO again remains above freezing. Below-freezing winter temperatures occur across the continent at 40°N except in the Central Valley and coastal portions of California (Figure 6C) . The winters are most severe in the Colorado Rockies and intermountain region of the western United States ( Figure 6C ). Along the 45°N transect, MTCO values are uniformly below freezing, except for a narrow band along the Pacific Coast ( Figure 10C ).
GDD5 is also influenced by topography with higher GDD5 values generally occurring at lower elevations. GDD5 values on the 35°N transect are relatively high in the deserts west of 115°W ( Figure 2D ), lower in the Rocky Mountains, and then higher east of the Rocky Mountain front. Along both the 40°N and 45°N transects, relatively high values of GDD5 across the Great Plains reflect the hot summers that occur in this region ( Figures 6D and 10D) .
The moisture index is uniformly high east of approximately 100°W along all three of the transects ( Figures 2E, 6E , and 10E). West of this longitude, only the high mountains and coastal regions have relatively high moisture indices on the transects. There is a distinct contrast in the data between the largely west-east pattern of moisture, and the north-south pattern of temperature (see Figure 1 for a continental-scale perspective).
The NDVI values ( Figures 2F, 6F , and 10F) represent vegetation density along the transects, which largely reflects continental patterns of moisture availability: Vegetation density is generally low west of 
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100°W and uniformly high east of that longitude. The west-east contrast in maximum NDVI values (Figure 6F) closely follows the pattern of moisture availability, with lower values in the West (except where higher values occur in the relatively moist western montane and coastal environments) and sustained high values across the East. The 45°N transect has higher values of NDVI in the West than do the other two transects ( Figure 10F ).
There is also a strong relationship between moisture availability ( Figures 2E, 6E , and 10E) and species richness ( Figures 2G, 6G , and 10G). East of 100°W, the number of woody species per transect grid point increases from west to east as moisture increases, and it is uniformly above 40 species east of approximately 95°W on the 35°N and 40°N transects (Figures 2G and 6G) . Lower species richness values in the East on the 45°N transect ( Figure 10G ), as compared with the 40°N and 35°N transects, might be due to temperature limitations on vegetation at this latitude, whereas the somewhat higher species richness values along the western part of the 45°N transect (compared to the 40°N and 35°N transects) might be the result of increased moisture.
For all three transects, there is a strong contrast between the proportion of unique species between the West and the East. In the West, nearly every transect point has a large proportion of unique species (compared with its neighbors); whereas in the East, the proportion of unique species is low relative to species richness, with the exception of the changes in flora on the sediments of the Mississippi River floodplain (approximately 90°W on the 35°N transect), which are probably edaphically controlled.
The pattern of similarity measured by the Jaccard similarity coefficient ( Figures 2H, 6H , and 10H) shows a strong west-east contrast. West of 100°W, there are apparently major changes in woody flora over short distances, as the transect crosses mountains, valleys, and plains. In contrast, east of that longitude, adjacent transect grid points have very similar woody floras. The point-to-point Jaccard similarity coefficient analyses are uniformly high from the Rocky Mountains eastward to the Atlantic Coast, suggesting gradual shifts in floristic composition across this span. The generally low Jaccard similarity coefficients in the western United States indicate much greater floristic change over short distances along the transects, which is expected in areas of Figure 9 . Histograms illustrating the degree of internal consistency of the bioclimatic, species richness, and woody flora data for Bailey ecoregions encountered on the 40°N transect from west to east (top to bottom). See Figure 3 for a description of the histograms.
Comparing Three Ecoregion Systems in North America S135 high relief. However, the low number of species at these western grid points also is affecting the Jaccard similarity coefficient values.
Ecoregion Boundaries Compared with Environmental and Floristic Changes
As illustrated in Figure 2A , the Kü chler system has many more divisions than either of the other two ecoregion classification systems, especially in the western United States. The Kü chler system reflects relatively small-scale differences in topography and climate along each transect. For example, the spatial resolution of the Küchler system is such that it registers the complex back-and-forth oscillation of the prairie-forest border near 95°W (Figure 2A) . Conversely, the Kü chler system treats the complexity of the Appalachian region's topography, climate, and vegetation with a broad-brush approach. In the western United States The WWF ecoregion system has many fewer divisions than the Kü chler system on all three transects, particularly in the western United States, where major areas of desert-grassland-steppe are treated as single units on the 35°N transect (Figure 2A) . Many of the Basin-and-Range changes in the West registered in the Kü chler system are also grouped into a single division under the WWF system on the 40°N transect (Figure 6A) . The WWF system treats the forest-prairie transition region at 95°W as a single unit on the 40°N and 45°N transects and also provides a relatively simple portrayal of the Appalachian region, albeit with boundaries offset from those of Küchler ( Figures 6A  and 10A ). Major changes in bioclimatic variables align with WWF boundaries, especially in the western United States. Changes in the number of unique species and species richness also register well in the WWF ecoregion boundaries along the 35°N transect ( Figure 2G ). Along the 40°N and 45°N transects, some of these ecoregion divisions correspond with low Jaccard similarity coefficient values ( Figures 6H and 10H ), although many others do not.
The Bailey ecoregion system has fewer divisions than the other two systems in the western United States Figure 12 . Histograms illustrating the degree of internal consistency of the bioclimatic, species richness, and woody flora data for WWF ecoregions encountered on the 45°N transect from west to east (top to bottom). See Figure 3 for a description of the histograms.
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along the 35°N transect, but it has more divisions than the WWF system in the eastern United States (Figure 2A) . The Bailey system has nearly the same number of ecoregions as the WWF system on the 40°N transect ( Figure 6A ). However, the Bailey system has more divisions in the western United States than the WWF system, and fewer in the eastern United States. The Bailey system boundaries generally occur near breaks in climate, topography, NDVI, or species richness along the 35°N transect (Figure 2 ). The boundaries in the Appalachian region appear particularly well placed in comparison with our data. The boundaries between Bailey ecoregions in the West along the 40°N transect align well with changes in topography, NDVI, and Jaccard coefficients (Figure 6 ). The boundaries between Bailey ecoregions in the East on the 40°N transect are less well aligned with environmental or floristic changes in our datasets. Along the 45°N transect, the Bailey system has the fewest ecoregion divisions of the three systems, with individual ecoregions covering broad areas of the Pacific Northwest and eastern United States (Figure 10 ).
Internal Consistency of Ecoregions
Figures 3-5, 7-9, and 11-13 illustrate the bioclimatic, species richness, and mean Jaccard similarity coefficients for each ecoregion encountered along each of the three transects. For the bioclimatic and species richness variables, if an ecoregion is strongly internally consistent in regard to a specific variable, then the histograms should have a unimodal distribution with a relatively narrow range of variability around the mode. Strong internal consistency for the Jaccard similarity coefficient should be represented by the mean within-ecoregion Jaccard coefficients approaching the value of 1.0.
For the Küchler 35°N transect, the seven easternmost ecoregions (the bottom seven on Figure 3 ) meet most of the criteria for a high degree of internal consistency. The bioclimatic variables, particularly a, tend to have unimodal distributions. The Jaccard coefficients approach 0.8 for two of these seven ecoregions and are above 0.5 for nearly all of the seven. Westward, the picture is different: In the arid and semiarid ecoregions, the spread of bioclimatic variables is generally greater, there are more bimodal or multimodal distributions, species richness is generally low, and the within-ecoregion Jaccard coefficients are significantly lower.
On the 40°N transect, the MTCO and GDD5 bioclimatic variables for the Kü chler ecoregions generally have fairly narrow ranges (Figure 7 ), but some variable distributions exhibit bimodal or multimodal characteristics, which might suggest a mixture of different environmental conditions within these ecoregions. The moisture index for Kü chler ecoregions on the 40°N transect is consistently high in the eastern United Figure 13 . Histograms illustrating the degree of internal consistency of the bioclimatic, species richness, and woody flora data for Bailey ecoregions encountered on the 45°N transect from west to east (top to bottom). See Figure 3 for a description of the histograms. States, drops on the Great Plains, rises in the Colorado Rocky Mountains, drops in the intermountain region, and then rises again near the Pacific Ocean. The widths of the histograms for this variable are greater in dry climates than in humid climates, and multimodal distributions occur under the dry climates. Species richness and mean Jaccard coefficients are higher in the areas of moist climates along this transect, although both variables decline toward the East Coast.
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The Küchler ecoregions along the 45°N transect tend to produce the most narrow histograms of the three systems, particularly with regard to MTCO and GDD5 (Figure 11 ), indicating a fairly high degree of internal consistency within the ecoregions for these variables. The moisture index, a, tends to be well constrained for ecoregions in wetter portions of the 45°N transect (the East and Pacific Northwest) and less well constrained along drier portions of the transect. The pattern of species richness values, in general, follows the pattern of the moisture index, with higher species richness in areas with a high moisture index and low species richness in areas with a low moisture index. Jaccard values for Kü chler ecoregions also tend to vary with moisture, although temperature might play an increasingly important role at this latitude.
The internal consistency results for the WWF 35°N transect are similar to those for the Kü chler 35°N transect-eastern forested ecoregions are more internally consistent in regard to bioclimatic and species richness variables and have higher Jaccard coefficients (Figure 4) . Also similar to the Kü chler system, the WWF ecoregions on the 40°N and 45°N transects (Figures 8 and 12 ) generally have well constrained, unimodal distributions for MTCO and GDD5. The a histograms are also well constrained along the eastern, wetter portions of the transect, but less well constrained along the drier portions. Species richness under the WWF system, as with the Küchler system, shows a strong relation with moisture conditions. The Jaccard similarity coefficient analyses show relatively coherent ecoregions in the moist climates of the eastern United States and far western United States. Conversely, these analyses suggest less coherent ecoregions under arid climates (based on the few woody plant taxa that occur in these ecoregions). Comparing Three Ecoregion Systems in North America
The Bailey 35°N ecoregion histograms are depicted in Figure 5 , and again the overall pattern is similar to that of the Kü chler and WWF results. However, the Bailey system has generally lower Jaccard coefficients for the ecoregions of the eastern forests than do the WWF ecoregions along this transect, suggesting a somewhat lower degree of internal consistency (perhaps reflecting greater lumping of diverse physiographic and climatic environments into single ecoregions in this complex environment). The Bailey ecoregion system on the 40°N transect has the fewest ecoregions of the three systems under consideration (Figure 9 ). The MTCO and GDD5 distributions for this transect are relatively tightly grouped but include some bimodal and multimodal groups. The patterns for the moisture index and species richness are similar to those for the other two ecoregion systems. The mean Jaccard similarity coefficient analyses indicate relatively coherent ecoregions (floristically) near the east coast, with lower mean coefficients (and presumably less internally consistent ecoregions) occurring in the dry climate of the western United States. Unlike with the other two ecoregion classification systems along this transect, the Jaccard similarity coefficient analyses do not show internally consistent (floristically) Bailey ecoregions under the moist climates near the West Coast. This suggests that the Bailey system of fewer and broader ecoregions merges several relatively distinct floristic associations that appear in the other two systems. The Bailey ecoregion histograms of the bioclimatic variables on the 45°N transect ( Figure 13 ) differ from the Kü chler and WWF histograms in that they tend to be bimodal or multimodal, with each ecoregion covering a broad range of values. The species richness histograms are also much broader, and the Jaccard values tend to be low, with the exception of one ecoregion division near the West Coast.
Discussion
The three latitudinal transects analyzed in this study describe the general environmental variations across the continent. MTCO and GDD5 are generally higher at lower latitudes. Moisture availability (a) varies more with longitude than latitude, but points along the 45°N transect have consistently higher moisture index levels than points at similar longitudes on the two transects further to the south. Species richness is highest on the southernmost transect and lowest on the northernmost transect and appears to be strongly tied to moisture availability on the 35°N and 40°N transects, although this relationship is somewhat mediated by temperature for the 45°N transect. Transect grid points in arid environments consistently have relatively low species richness and low point-to-point and within-ecoregion mean Jaccard coefficients. Collectively, these western dry environments also have a greater overall range of moisture conditions than do transect grid points in the humid East, probably a result of the large number of microenvironments created by the topographic complexity of the West.
When we compare the boundaries of the ecoregions from the three different classification systems considered in this study, they rarely align with one another along the transects. The Kü chler ecoregion system always has the largest number of categories on each of the transects and repeats ecoregions along the transects to a greater degree. The WWF and Bailey systems frequently have similar numbers of ecoregions along each transect (although Bailey generally has fewer), but the ecoregions are frequently clustered differently, with one system having more ecoregions in the West and fewer in the East, or vice versa. In general, however, it is easier to detect relations between ecoregion boundaries and topography in the western United States than in the East for all three ecoregion systems. Unfortunately, the relatively low number of woody plant species in much of the West inhibits tracking ecoregion boundaries in this region using the species richness data. The gradual shifts in flora in the eastern United States also make it difficult to align floristic changes with ecoregion boundaries in that region. The subtle topographic, climatic, and floristic changes in the East also result in fewer correspondences between ecoregion boundaries among the three systems.
Many of these environmental patterns are picked up by one or more of the ecoregion classification systems we examined. The extent to which there is correspondence among the elevation, bioclimatic, and floristic data and the individual ecoregion classification systems might depend in large part, however, on the goals and methodologies with which each of the ecoregion systems was developed, and some of these differences are discussed below.
Küchler Ecoregions
Kü chler's potential natural vegetation ''ecoregions'' are based on the distribution of natural plant communities. They are less bound than the Bailey and WWF classification systems to the concept of ecoregions representing broad contiguous areas of similar environments. In addition, environmental variables, such as climate, were not explicitly considered in developing the potential natural vegetation categories. Thus, we would expect the Kü chler S144 ecoregions to match the bioclimatic and elevation transect data only to the extent that each Kü chler vegetation community reflects variations in climate and topography. From our analysis, it appears that Kü chler's ecoregions display a relatively good correspondence with bioclimatic variables, particularly the moisture index (a). This tight correspondence may also be a result of the larger number of potential natural vegetation types in Kü chler's classification scheme, allowing more specific environmental relationships to be defined by the many, relatively small ecoregions.
Although the Küchler ecoregions define natural vegetation categories, our data suggest that this system does not always provide the highest degree of internal floristic consistency among the three ecoregion systems, as indicated by relatively low Jaccard similarity coefficient values. This lack of floristic consistency might, in part, reflect differences between the classification of the potential natural vegetation in the Kü chler system, which is defined by plant life form and one or more dominant plant genera (Kü chler 1964), and the observed woody plant species distributions, which are the basis for our species richness and Jaccard similarity coefficient analysis. The focus on dominant genera in the Kü chler classification system might mask underlying variability in total woody species composition across the Kü chler ecoregion types, which would result in lower mean Jaccard similarity coefficient values for individual ecoregions.
WWF Ecoregions
Of the three ecoregion systems examined here, the WWF system is the most conceptually heterogeneous. The WWF used a number of ecoregion classification systems as the basis for its global ecoregion scheme (Olson and others 2001) . The three transects used in this study primarily cross the continental United States for which WWF adapted Omernik's (1995b) ecoregions. (A few points on the 45°N transect fall in Canada for which WWF adapted Wiken and others' (1989) ecoregions of Canada, but we will limit our discussion here to Omernik's classification system). Omernik used a variety of variables in defining ecoregions, including Kü chler's potential natural vegetation, climate, physiography, geology, land use, and soils (Omernik 1987) . Notably, Omernik recognized that ''the importance of each factor in determining the character of ecosystems varies from place to place'' (Omernik 1987, p. 119 ) so that one ecoregion can be defined using land use as a primary criteria while another considers climate more strongly. These complexly defined ecoregions have then been further modified by WWF to reflect assemblages of species and ecological communities of conservation interest.
Given the complex way in which WWF ecoregions have been defined, it is hard to predict how they might correspond to the elevation, bioclimatic, and floristic data examined here. In general, the WWF ecoregions exhibit relatively narrow, unimodal distributions of MTCO and GDD5, suggesting a greater degree of internal consistency for these bioclimatic variables. The moisture index for WWF ecoregions tends to be well constrained in relatively moist regions of the eastern United States and less well constrained in the drier West. The WWF ecoregions also display a relatively high degree of floristic consistency along all three transects. The relatively high internal consistency may also be the result of WWF's efforts to modify the Omernik ecoregions to better capture plant species richness patterns of conservation interest.
Bailey Ecoregions
The Bailey ecoregions are based on a classification system that is more explicitly hierarchical than the Kü chler or WWF ecoregion classification systems. Bailey based his coarsest-scale ecoregions, called domains, on broad-scale, continental patterns of climate, defining only three climate domains to cover the entire continental United States. These macroclimate domains were divided into finer-scale ecoregions, called divisions, based on moisture (e.g., seasonality of precipitation or degree of dryness) and temperature (e.g., degree of cold) (Bailey 1998) . The next finer spatial scale of ecoregions (provinces) were defined according to plant life form and are the ecoregions we examined in this work. In general, the Bailey province-level ecoregions have fairly tightly constrained moisture index values in the humid East, although broader distributions of the moisture index in the West along each of the three transects (Figures 5, 9 , and 13). Bailey ecoregions have less tightly constrained, generally bimodal distributions of MTCO and GDD5 (especially in arid and semiarid regions). These less coherent bioclimate distributions might be a result of the relatively large size of the Bailey ecoregions (relative to the Küchler and WWF ecoregions) such that they encompass larger ranges of MTCO and GDD5.
The Bailey ecoregions, in general, tend to have slightly lower within-ecoregion mean Jaccard similarity coefficients than the Kü chler ecoregions along all three transects. The explanation for this difference might be in the way that vegetation is classified within the Bailey system. Bailey defines his provinces based on community structure (e.g., open woodland) and plant life form (e.g., broadleaved trees), which does not correspond well to the species-level richness data. Bailey's ecoregions might also show less internal floristic consistency because they tend to be larger and thus might cover a larger number of species than the Kü chler ecoregions.
Choosing Among Ecoregion Classification Systems
Deciding which ecoregion classification system to use for any particular purpose depends not only on the ultimate goal of the individual user but also on an understanding of the original goals and methodologies used in developing each classification system. Consider how each of the three ecoregion classification schemes used in this study incorporates vegetation. The Kü chler ecoregions are based on potential natural vegetation patterns. A user interested in modern habitat distributions, however, might want to use a system that included modern vegetation distributions and land-use patterns. At the province level, Bailey used plant life form, not individual species or communities, in defining ecoregions and also a much more systematic and hierarchical approach to classifying ecoregions than either Kü chler or WWF. The Bailey ecoregion system might be best suited for studies or management situations that require that all ecoregions are defined according to the same set of criteria. In contrast, the WWF ecoregions for the continental United States are based on Omernik's ecoregions but have been modified by WWF as needed to capture patterns of biodiversity and habitat deemed important for conservation goals. WWF defines ecoregions as ''relatively large units of land containing a distinct assemblage of natural communities and species, with boundaries that approximate the original extent of natural communities prior to major land-use change'' (Olson and others 2001, p. 933) . In certain cases where species assemblages are relatively the same over large areas, it is difficult to define distinct ecoregions based on differences in species assemblages. In these areas, the WWF system might not use species or community assemblages data at all, instead relying on processes such as disturbance regimes or patterns of vertebrate migrations to define ecoregions (Olson and others 2001) . The WWF ecoregion classification might be of most use to individuals and organizations that have conservation goals at the same taxonomic resolution as those of the WWF. The Nature Conservancy, for example, uses a modified version of the Bailey classification system for the continental United States, but uses WWF ecoregions for its conservation planning activities in other regions of the globe (Groves and others 2000) .
Although some of the environmental variables examined in this study did a relatively good job of characterizing ecoregions along certain parts of the three transects (e.g., the moisture index and ecoregions in eastern North America), other ecoregions were not well described by the elevational, bioclimatic, and floristic variables. Future research might improve on this study's results in two ways. First, different environmental variables might better characterize the ecoregions of one or more of the ecoregion classification systems examined in this study (e.g., using actual evaporation instead of a moisture index). Multivariate analyses might be particularly useful in defining the environmental characteristics of ecoregions. Second, the spatial resolution of both the ecoregions and environmental data must be commensurate. Smaller ecoregions than the ones examined in this study are being defined for both the Omernik and Bailey ecoregion classification systems, which might allow for a better correspondence between these finer-resolution ecoregions and certain environmental variables.
